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Abstract
Background: There remains a lack of research on co-variation of multiple health outcomes and their socio-
economic co-patterning, especially among the elderly. This papers aims to 1) examine the effects of different socio-
economic factors on physical functioning and psychological well-being among older adults in a rural community
in northern Vietnam; and 2) investigate the extent to which the two outcomes variables co-vary within individuals.
Methods: We analyzed the data from the WHO/INDEPTH study on global ageing and adult health conducted on
8535 people aged 50 years old and over in Bavi district of Vietnam in 2006. A multivariate response model was
constructed to answer our research questions. The model treats the individual as a level two unit and the multiple
measurements observed within an individual as a level one unit.
Results: Lower physical functioning and psychological well-being were found in 1) women; 2) older people; 3)
people with lower education level; 4) people who were currently single; 5) respondents from poorer household;
and 6) mountainous dwellers compared to that in those of other category(ies) of the same variable.
Socioeconomic factors accounted for about 24% and 7% of variation in physical functioning and psychological
well-being scores, respectively. The adjusted correlation coefficient (0.35) indicates that physical functioning and
psychological well-being did not strongly co-vary.
Conclusions: The present study shows that there exist problems of inequality in health among older adults in the
study setting. This finding highlights the importance of analyzing multiple dimensions of health status
simultaneously in inequality investigations.
Background
The past century has witnessed a demographic transi-
tion characterized by a rapid ageing process. Population
projections for the coming years show a considerable
increase in the proportion of older people worldwide
[1-3]. To effectively and efficiently respond to the grow-
ing health needs of elderly populations, it is critical to
have in-depth understandings about their health condi-
tions and related socioeconomic factors.
Literature from developed countries has consistently
shown that socioeconomic disparities in health existed
in general populations as well as among the elderly.
Individuals with lower socioeconomic positions are
more likely to suffer from both morbidity and mortal-
ity [4,5]. Similarly, elders who had higher education
and socioeconomic status experienced less depression
[6]. However, studies from developing countries have
shown inconsistent findings on the effects of socioeco-
nomic status on elderly health. Some studies show that
older adults in lower socio-economic positions gener-
ally experience worse health than those in better-off
groups [7-11]. Some other studies showed that the
strength of associations between socioeconomic status
and elderly health were less clear or non-existent
[12,13].
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ine inequalities in health status across socioeconomic
groups, almost all of them have investigated different
aspects of health status separately [14]. There remains
lack of research on co-variation of multiple health out-
comes and their socio-economic co-patterning, espe-
cially among the elderly. As “health” is defined by WHO
as “a state of complete physical, mental and social well-
being and not merely the absence of disease or infir-
mity” [15], it is important to explore co-morbidity of
physical functioning and psychological well-being
among the elderly.
Vietnam, a developing country in South-East Asia, has
experienced the population aging phenomenon. The
proportion of people aged 50 years and over rose from
12.6% in 2000 to 14.1% in 2005 and will account for
18.9% of total population in 2015 [3]. Similar to other
low-and middle-income countries, little research has
been conducted in Vietnam on the issues of elderly
health, particularly in regard to the co-variation of dif-
ferent health outcomes. In response to the necessity and
u r g e n c yo fh a v i n gs c i e n t i f i ce v i d e n c eo nt h ei s s u e so f
socioeconomic determinants of elderly health, this
paper, using a multivariate multilevel modelling
approach, aims to 1) examine the effects of different
socio-economic factors on physical functioning and psy-
chological well-being among older adults in a rural com-
munity in northern Vietnam; and 2) investigate the
extent to which the two outcome variables co-vary
within individuals.
Methods
Data source
We used data from the WHO/INDEPTH study on glo-
bal ageing and adult health. The overall study, con-
ducted during 2006-2007, gathered information on
health state and quality of life among people aged 50
years old and over in nine demographic surveillance
sites from the International Network for the continuous
Demographic Evaluation of Populations and Their
Health in developing countries (INDEPTH) http://www.
indepth-network.net: South Africa (Agincourt and Hla-
bisa), Viet Nam (Filabavi), Tanzania (Ifakara), Bangla-
desh (Matlab), Kenya (Nairobi), Ghana (Navrongo),
Indonesia (Purworejo), and India (Vadu). The total sam-
ple size was over 46,000 respondents [16].
In Vietnam, this study was conducted in 2006 in a
rural district in Northern Vietnam, Bavi district, within
the framework of a Demographic Surveillance System
called FilaBavi (Epidemiological Field Laboratory of
Bavi). Face-to-face household interviews were conducted
with all the people aged 50 years old and over who lived
in FilaBavi areas. The interviews were done by trained
surveyors of the FilaBavi using standard WHO/
INDEPTH questionnaire- summary version. More
detailed descriptions of the Bavi district and FilaBavi
can be found elsewhere [17].
Measurements
Outcome variables
In this study, both physical functioning and psychologi-
cal well-being were analysed as outcome variables. Phy-
sical functioning was measured by asking respondents
about their functional difficulties in the last 30 days,
including the level of difficulty 1) in standing for long
periods; 2) in taking care of your household responsibil-
ities; 3) in joining in community activities [for example,
festivities, religious or other activities] in the same way
as anyone else can; 4) in concentrating on doing some-
thing for 10 minutes; 5) in walking a long distance such
as a kilometre; 6) in washing (bathing) the whole body;
7 )i ng e t t i n gd r e s s e d ;a n d8 )i nd a yt od a yw o r k .F o r
psychological well-being, the study subjects were asked:
1) “Overall in the last 30 days, how much of a problem
did you have with feeling sad, low or depressed?” and 2)
“Overall in the last 30 days, how much of a problem did
you have with worry or anxiety?”
T h er e s p o n s es e tf o re a c hq u e s t i o nw a saf i v e - p o i n t
scale where 1 = None, 2 = Mild, 3 = Moderate, 4 =
Severe, 5 = Extreme/cannot do. The scale reliability
coefficient (Cronbach’s alpha) for physical functioning
and psychological well-being questions was 0.89 and
0.86, respectively. Total score for each dimension (i.e.
physical functioning and psychological well-being) was
the sum of all the relevant question scores. Higher
scores indicated a person with poorer status of physical
functioning or psychological well-being.
Independent variables
We included a wide range of socioeconomic information
as independent variables such as sex, age, educational
level, marital status of the individual, household size,
place of residence and economic status of the house-
hold. Educational level was categorized into three
g r o u p s :I :N os c h o o l i n g ;I I :L e s st h a ns i xy e a ro fe d u c a -
tion; III: Graduated from primary school and higher.
Marital status was categorized as: I: Currently in marital
partnership (living with spouse or partner); II: Currently
single (never married, divorced or widowed). Place of
residence was defined I: Riverside/island; II: Highland;
and III: Mountainous area. Economic status of the
respondent’s household was measured by asset-based
wealth quintiles. The wealth quintiles were constructed
using a principal component analysis technique [18].
Statistical analysis
A multivariate response model was constructed to
answer our research questions. The model treats the
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ments observed within an individual as a level one unit.
We developed a 2-level model of 17070 (two outcomes
for each individual) at level 1 nested within 8535 indivi-
duals at level 2 (Figure 1). By treating multiple outcomes
within the multivariate response model, we were able to
estimate the covariance between two outcomes nested
within individuals, as well as the variance for each out-
come in a simultaneous manner.
The two-level model can be written as follows:
YB Z B Z B Z XB Z XUU ij ij ij ij j ij j j j     01 1 02 2 11 1 12 2 1 2
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Z2ij =1-Zlij,
Xj = independent variables (gender, age, marital status,
education, wealth status, place of residence, household
size),
var(U1j)=s
2
u1 = variance in physical functioning,
var(U2j)=s
2
u2 = variance in psychological well-being,
cov(U1j U2j)=su12 = covariance of physical function-
ing and psychological well-being
The modeling was done in two steps. In Model 1
(Empty model), no explanatory variable was included.
Model 2 (Full model) had all independent variables. The
results were presented as coefficient and standard errors
(SE). A significance level of p < 0.05 was used. MLwiN
software, version 2.02 http://www.cmm.bristol.ac.uk/
MLwiN, was used for the analyses.
Ethical considerations
The protocol of this study was approved by the Scienti-
fic Board of the FilaBavi. All human subjects in the
study were asked for their written informed consent
before collecting data, and all had complete right to
withdraw from the study at any time without having any
threat or disadvantage.
Results
Characteristics of the study populations
Of the total of 8,874 people aged 50 years and over who
lived in the study setting at the time of the survey, there
were 8,535 who participated in the study (96%). 4% did
not respond to the survey because they were away
(2.3%) or were not healthy enough to take part in the
survey (1.7%). There were no significant differences in
socioeconomic characteristics between the respondents
and the non-respondents. Of the final sample, 37.7%
were aged 50-59 years, 36.5% 60-69 years, 24.4% 70-79
years and 11.4% 80 years and over. The characteristics
of the final sample are described in Table 1.
Levels of physical functioning and psychological well-
being
The scores of physical functioning ranged from 5 to 40.
The psychological well-being levels were between 2 to
10. The means (and the corresponding standard devia-
tions) of physical functioning and psychological well-
being levels reported by the study respondents are pre-
sented in Table 2.
The variations in physical functioning and psychologi-
cal well-being levels by socio-demographic variables
were similar. Lower physical functioning and psychologi-
cal well-being were found in 1) women; 2) older people;
Figure 1 Multilevel structure.
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were currently single; 5) respondents from poorer
household; and 6) mountainous dwellers compared to
those in other category(ies) of the same variable.
Multilevel modelling results
Table 3 shows the random part of the multivariate
response model. The empty model indicates that there
was significant variation in each outcome of interest.
The variance in both physical functioning and psycholo-
gical well-being became smaller after the socio-eco-
nomic variables were included (Full model). The
socioeconomic factors accounted for about 24% and 7%
of variation in physical functioning and psychological
well-being scores, respectively. There was a significant
correlation between these two independent variables.
About 14% of the covariance between these two out-
comes of interest was attributable to the socioeconomic
factors. However, the adjusted correlation coefficient of
0.35 in the full model indicates that physical functioning
and psychological well-being did not strongly co-vary (i.
e. an individual with poorer physical functioning did not
necessarily have a lower level of psychological well-
being and vice versa) (Figure 2).
Table 4 presents the fixed part findings of the full
model. There were some similarities as well as differ-
ences in socioeconomic patterning of physical func-
tioning and psychological well-being. Women were
more likely to have poor physical functioning and low
psychological well-being levels than men. While age
was shown to be a negative predictor of physical func-
tioning, it had no significant effect on psychological
well-being. People with higher educational levels
reported being better in both physical functioning and
psychological well-being. Those who were currently in
marital partnerships had better status of physical func-
tioning and psychological well-being. Significant eco-
nomic differentials were found for psychological well-
being (i.e. the better-off had less psychological pro-
blems) but not for physical functioning. Mountainous
dwellers had significantly lower levels of both physical
functioning and psychological well-being. Household
size had no important effect on the two outcomes
variables.
Discussion
In this study, adopting the WHO’s definition of health,
we considered both physical functioning and psychologi-
cal well-being as fundamental end points of elderly
health. Taking advantage of the multilevel modelling
approach, we were able to investigate the co-variation in
socioeconomic correlates of physical functioning and
psychological well-being within individuals.
We found some common significant socioeconomic
predictors of both physical functioning and psychologi-
cal well-being among the elderly in the study setting
Table 1 Characteristics of the study participants, FilaBavi, Vietnam 2006
Characteristics 50-59
n [%]
60-69
n [%]
70-79
n [%]
80+
n [%]
All ages
n[ % ]
Gender
- Male 1436 [44.6] 1023 [45.3] 757 [36.3] 253 [26.1] 3469 [40.6]
- Female 1785 [55.4] 1235 [54.7] 1329 [63.7] 717 [73.9] 5066 [59.4]
Education
- No schooling 56 [1.7] 110 [4.9] 298 [14.3] 414 [42.7] 878 [10.3]
- Less than six year of education 940 [29.2] 1245 [55.1] 1493 [71.6] 512 [52.8] 4190 [49.1]
- Graduated from primary school and higher 2225 [69.1] 903 [40.0] 295 [14.1] 44 [4.5] 3467 [40.6]
Marital status
- Currently in marital partnership 2772 [86.1] 1714 [75.9] 1152 [55.2] 257 [26.5] 5895 [69.1]
- Currently single 449 [13.9] 544 [24.1] 934 [44.8] 713 [73.5] 2640 [30.9]
Socio-economic
- 1st quintile (poorest) 277 [8.6] 285 [12.7] 467 [22.4] 180 [18.6] 1209 [14.2]
- 2nd quintile 523 [16.3] 436 [19.4] 432 [20.8] 157 [16.2] 1548 [18.2]
- 3rd quintile 694 [21.6] 510 [22.6] 405 [19.5] 178 [18.4] 1787 [21.0]
- 4th quintile 853 [26.6] 545 [24.2] 375 [18.0] 223 [23.0] 1996 [23.4]
- 5th quintile (richest) 866 [27.0] 477 [21.2] 403 [19.4] 230 [23.8] 1976 [23.2]
Place of residence
- Riverside/island 1113 [34.6] 753 [33.4] 702 [33.7] 355 [36.6] 2923 [34.3]
- Highland 1600 [49.7] 1165 [51.6] 991 [47.5] 443 [45.7] 4199 [49.2]
- Mountainous area 508 [15.8] 340 [15.1] 393 [18.8] 172 [17.7] 1413 [16.6]
Total 3221 [100] 2258 [100] 2086 [100] 970 [100] 8535 [100]
Van Minh et al. BMC Geriatrics 2010, 10:7
http://www.biomedcentral.com/1471-2318/10/7
Page 4 of 7such as gender, education and place of residence. Inde-
pendently of other factors, women were shown to suf-
fer more from both physical and psychological
problems. This is consistent with findings from pre-
vious studies in Asia which showed that women were
more likely to reported poor health than men [19-21].
A strong positive effect of education on both physical
functioning and psychological well-being was also pro-
nounced. Studies from Japan [7], Taiwan [8] and
China [9] also reported that higher educational attain-
ment resulted in a decreased incidence of functional
limitations. We found that mountainous dwellers had
lower levels of physical functioning and psychological
well-being compared to people living in other areas.
Negative effects of disadvantage residence on elderly
health were also revealed in a Chinese study [22], and
a Korean-Japanese study [23].
We also observed that while physical functioning
declined with advancing age, psychological well-being
did not vary significantly by age. Similar observation was
documented in study in the US [14] and in China [24].
In the present study, economic differentials were
found for psychological well-being but not for physical
functioning. The overwhelming age effect possibly
diluted the influence of economic status on physical
functioning. Studies from Thailand [12] and Taiwan
[25] showed that income had significant independent
influences on functional disorders. A study from US
found strong income associations for both health and
happiness [14].
Table 2 Levels of physical functioning and psychological
well-being among older adults, FilaBavi, Vietnam 2006.
Socioeconomic variables Physical
functioning
mean [sd]
Psychological
well-being
mean [sd]
Gender:
- Male 13.7 [6.7] 3.4 [1.9]
- Female 15.5 [7.0] 3.8 [2.2]
Age:
50-59 11.9 [4.9] 3.5 [2.0]
60-69 13.7 [5.9] 3.7 [2.1]
70-79 16.9 [7.2] 3.7 [2.2]
80+ 22.1 [7.9] 3.8 [2.2]
Education:
- No schooling 20.6 [8.1] 4.2 [2.4]
- Less than six year of education 15.5 [6.9] 3.7 [2.1]
- Graduated from primary school and
higher
12.4 [5.5] 3.4 [1.9]
Marital status:
- Currently in marital partnership 13.6 [6.2] 3.5 [2.0]
- Currently single 17.5 [7.7] 4.0 [2.3]
Socio-economic:
- 1st quintile [poorest] 16.3 [7.3] 4.2 [2.4]
- 2nd quintile 15.1 [7.0] 3.8 [2.1]
- 3rd quintile 14.7 [6.8] 3.6 [2.0]
- 4th quintile 14.4 [7.0] 3.5 [2.0]
- 5th quintile [richest] 14.1 [6.7] 3.3 [1.9]
Place of residence:
- Riverside/island 15.6 [7.2] 3.8 [2.1]
- Highland 15.2 [6.8] 3.3 [1.8]
- Mountainous area 14.1 [6.8] 3.6 [2.1]
Figure 2 Correlation between physical functioning and psychological well-being. Correlation coefficient = 0.35, after adjusting for socio-
economic variables.
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model that the socioeconomic variables of interest had
stronger associations with physical functioning (account-
ing for 24% of variation) than psychological well-being
(accounting for 7% of total variation). As a result, the
two health outcomes did not co-vary to a strong degree
(adjusted correlation coefficient 0.35). This finding high-
lights the importance of analyzing multiple dimensions
of health status simultaneously in inequality investiga-
tions. Examining a single health outcome may misclas-
sify a person as being in “good health” while in fact he/
she has another bad outcome. The single health out-
come approach may also lead to underestimation of
inequality problems in a population.
There are several limitations we need to note from
this study. Firstly, accuracy and validity of self-reported
information in older people could be questionable. Low
educational level and the presence of cognitive retarda-
tion in older people might have reduced the accuracy
and validity of the findings. Secondly, because of the
cross-sectional nature of the data, our study could not
provide any interpretation of causal relations between
socioeconomic status and physical functioning and psy-
chological well-being among the elderly in the study set-
ting. Thirdly, some possible joint effects of socio-
economic factors on the outcome variables have not
been investigated.
Conclusions
The present study provides initial insight into the extent
to which socioeconomic indicators are related to multi-
ple health outcomes among older adults in a developing
country setting. It shows that there exist problems of
inequality in health among older adults in the study set-
ting. The evidence should be useful for health authori-
ties in responding to the growing health-related needs
of elderly populations with limited economic resources.
Investigation of health issues among older people is not
simple task. This multilevel modelling approach, which
offers several technical advantages, should be further
utilized. More sophisticated research, such as using
longitudinal study designs,i sn e e d e dt oe x a m i n et h e
causal relationship between multiple health outcomes
and socioeconomic conditions.
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Table 3 Random part of the multivariate response model,
FilaBavi, Vietnam 2006
Empty model Full model Change in
estimate
Estimate SE Estimate SE
Variance in Physical
capacity
4.4 0.06 4.1 0.06 7%
Variance in
Psychological
well-being
48.4 0.74 36.6 0.56 24%
Covariance 5.0 0.17 4.3 0.14 14%
Table 4 Fixed part of the multivariate response model,
FilaBavi, Vietnam 2006
Socioeconomic variables Physical
capacity
Coefficient
[SE]
Psychological
well-being
Coefficient
[SE]
Gender:
- Male Reference Reference
- Female 0.34 [0.16]* 0.2 [0.05]*
Age:
50-59 Reference Reference
60-69 1.48 [0.17]* 0.08 [0.06]
70-79 4.05 [0.20]* -0.02 [0.07]
80+ 8.40 [0.27]* -0.16 [0.09]
Education:
- No schooling Reference Reference
- Less than six year of education -2.20 [0.24]* -0.35 [0.08]*
- Graduated from primary school and
higher
-2.88 [0.29]* -0.46 [0.10]*
Marital status:
- Currently in marital partnership Reference Reference
- Currently single 0.58 [0.17]* 0.26 [0.06]*
Socio-economic:
- 1st quintile [poorest] Reference Reference
- 2nd quintile 0.02 [0.24] -0.34 [0.08]*
- 3rd quintile -0.08 [0.24] -0.48 [0.08]*
- 4th quintile -0.16 [0.24] -0.52 [0.08]*
- 5th quintile [richest] -0.42 [0.25] -0.72 [0.08]*
Family size: 0.02 [0.04] -0.02 [0.01]
Place of residence:
- Riverside/island -0.61 [0.20]* -0.58 [0.07]*
- Highland -1.42 [0.15]* -0.24 [0.05]*
- Mountainous area Reference Reference
Intercept: 15.15 [0.38]* 4.54 [0.13]*
* denotes a significant result (p < 0.05)
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